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(54) Multichannel amplification system using mask detection 



(57) An apparatus and method reduce out-of-band 
frequency components of an amplified, multichannel RF 
signal able to have at least two frequency bandwidth lim- 
ited signal channels, each channel having a respective 
carrier frequency which is not known in advance. The 
channels can, for example, be dedicated to CDMA sig- 
nals. Each channel of the amplified RF signal has both 
in-band frequency components and out-of-band fre- 
quency components. The apparatus and method fea- 
ture a network for amplifying an input signal for produc- 



ing the amplified RF signal, the network having adjust- 
able electrical characteristics, and a control system con- 
nected to the network for locating a frequency within the 
bandwidth of one of the channels of the amplified RF 
signal and for detecting energy in the out-of-band fre- 
quency components for the one located channel for pro- 
ducing control signals relating to the energy in that one 
channel. As a result of adjusting the electrical charac- 
teristics of the network, the energy in the out-of-band 
frequency components for that channel, and all other 
channels of interest, can be reduced. 
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Description 

Background of the Invention 

[0001] This invention relates generally to amplifica- 
tion systems and more particularly to methods and ap- 
paratus for reducing distortion in amplifiers used in such 
systems. 

[0002] As is known in the art, amplifiers have a wide 
variety of applications. Amplifiers can be biased to op- 
erate in one of a number of so-called Classes. When 
biased to operate in Class A, the amplifier provides a 
linear relationship between input voltage and output 
voltage. While operation in Class A has a wide range of 
applications, when higher power output and efficiency 
are required or desired, the amplifier is sometimes bi- 
ased to operate in Class A/B. When biased to operate 
in Class A/B, however, the Class A/B amplifier power 
transfer curve 10 is less linear than for Class A amplifi- 
ers, illustrated in FIG. 1 by trace 1 4. To increase efficien- 
cy, communication systems often operate amplifiers in 
the non-linear region 12. This practice, however, does 
introduce amplitude and phase distortion components 
into the output signal produced by the amplifier. 
[0003] As is also known in the art, most communica- 
tion systems have FCC allocated frequency bandwidths 
1 8 (that is, in-band frequencies) centered about a carrier 
frequency 20 as shown in FIG. 2A. For example, a CD- 
MA (Code Division Multiple Access) communication 
system signal has a predefined bandwidth of 1.25 MHz. 
Different CDMA communication channels are allocated 
different bands of the frequency spectrum. Amplifiers 
are used in such systems, and are frequently biased to 
operate in Class A/B. Referring to FIG. 2B, signal 
processing such as amplification by an amplifier oper- 
ating in the non-linear region 12 (FIG. 1) can produce 
distortion frequency "shoulders" 22a-22b outside a sig- 
nal's allocated bandwidth 18. (These are called out-of- 
band frequencies.) These distortion frequency compo- 
nents 22a-22b can interfere with bandwidths allocated 
to other communication signals. Thus, the FCC imposes 
strict limitations on out-of-band frequency components. 
[0004] Many techniques exist to reduce out-of-band 
distortion. One such technique is shown in FIG. 3 where 
a predistortion unit 24 is fed by a signal 25 to be ampli- 
fied. The predistortion unit 24 has a power transfer char- 
acteristic 24a (Fig. 1 ) and compensates for distortion in- 
troduced by subsequent amplification in Class A/B am- 
plifier 26. More particularly, the predistortion unit 24 
transforms electrical characteristics (for example, gain 
and phase) of the input signal such that subsequent am- 
plification provides linear amplification to the phase and 
frequency characteristics of the input signal. The pre- 
distortion unit 24 is configured with a priori measure- 
ments of the non-linear characteristics of the Class A/B 
amplifier. Unfortunately, the amplifier characteristics 
(amplification curve 1 0 with region 1 2 of FIG. 1 ) change 
over time and temperature making effective predistor- 



tion more difficult. For example, as the temperature of 
the amplifier increases, its non-linear region 12 may be- 
come more or less linear, requiring a compensating 
change in the transform performed by a predistortion 

5 unit 24. Some adaptive predistortion systems use look- 
up tables to alter predistorter characteristics based on 
environmental factors such as temperature. These look- 
up tables include predetermined predistorter control set- 
tings for use in predetermined situations. However, en- 

10 vironmental factors alone do not determine the altera- 
tions in an amplifier's characteristics. Thus, over time, 
amplifier characteristics vary unpredictably due to aging 
of amplifier components. 

[0005] Another approach to reduce amplifier distor- 

15 tion is to use feedforward compensation, as shown in 
FIG. 4. Here, a feedforward network 31 is included for 
reducing out-of-band distortion. The feedforward net- 
work 31 includes a differencing network or combiner 30, 
a main amplifier 33 operating as a Class A/B amplifier, 

20 an error amplifier 32, delay circuits 28 and 28a, and a 
combiner 29. The differencing network 30 produces an 
output signal representative of the difference between 
a portion of the signal fed to the amplifier 33 operated 
Class A/B and the signal fed to the amplifier 33 prior to 

25 such amplification. The frequency components in the 
differencing network 30 output signal are, therefore, the 
out-of-band frequency components 22a-22b introduced 
by amplifier 33. Amplifying and inverting the output pro- 
duced by the differencing network 30, by error amplifier 

30 32, produces an out-of-band correcting signal. More 
particularly, the combiner 29 combines the correcting 
signal produced by differencing network 30 and ampli- 
fier 32, with the delayed signal output of amplifier 31 thus 
reducing the energy in the out-of-band frequencies 22a- 

35 22b (FIG. 2B) of the signal output by amplifier 33. Feed- 
forward network 31 includes delay line 28 to compen- 
sate for the delay in error amplifier 32. It should be noted 
that minute differences in timing between these ele- 
ments can impair the effectiveness of a feedforward sys- 

40 tern. While a manufacturer can carefully match compo- 
nents prior to shipment, as feedforward components 
age, the correcting signal and processed signal can be- 
come mistimed if not properly compensated. 

45 Summary of the Invention 

[0006] The invention relates to an apparatus and 
method for reducing out-of-band frequency components 
of an amplified, multichannel RF signal able to have at 

so least two frequency bandwidth limited signal channels, 
each channel having a carrier frequency which is not 
known in advance. Each channel of the amplified RF 
signal has both in-band frequency components and out- 
of-band frequency components. The apparatus features 

55 a network for amplifying an input signal for producing 
the RF signal, the network having adjustable electrical 
characteristics, and a control system connected to the 
network for locating a frequency within the bandwidth of 
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one of the channels of the RF signal and for detecting 
energy in the out-of-band frequency components in the 
one located channel for producing a control signal relat- 
ed to the energy in the out-of-band frequency compo- 
nents of that one channel. The control signal is coupled s 
to the network to adjust the electrical characteristics of 
the network to reduce the energy in the out-of-band fre- 
quencies of all the channels. 

[0007] In a preferred embodiment of the invention, the 
network has a predistorter having adjustable character- 
istics controlled by the control signal. In another aspect, 
the network can include a power amplifier having adjust- 
able characteristics controlled by the control signal. In 
this instance, at least one adjustable characteristic is a 
bias point parameter of the amplifier. The network, in 
other aspects, can include a feed forward network and 
the signal can be, for example, a multichannel CDMA 
signal, having well known characteristics. 
[0008] The method of the invention features locating 
an in-band frequency component of one of the channel 
signals having out-of-band frequency components of 
the RF signal, detecting energy at frequencies which are 
at a predetermined offset from the located in-band fre- 
quency component, and adjusting network electrical 
characteristics to reduce the out-of-band frequency en- 
ergy of the located channel. Thereby, out-of-band fre- 
quency components of the other out-of-band channel 
signals are reduced. 

[0009] In particular aspects, the method features 
measuring the energy at a first frequency, measuring the 
energy at a second frequency, and determining whether 
the energy measured at the second frequency exceeds 
the energy measured at the first frequency by more than 
a selected threshold. In particular aspects, the method 
heterodynes the multichannel signal having out-of-band 
frequencies to baseband. 

[0010] In one particular aspect of the invention, the 
apparatus includes a predistorter connected to receive 
an amplified, multichannel input signal and having its 
output coupled to a power amplifier. The predistorter has 
a nonlinear output signal versus input signal transfer lev- 
el characteristic which can be selectably adjusted in ac- 
cordance with an out-of-band feedback control signal 
provided by a feedback loop. The result is a substantially 
linear amplifier output versus input signal transfer char- 
acteristic across the multiple channels. The feedback 
loop, in this embodiment, features a control signal con- 
nected to the power amplifier output for locating the car- 
rier frequency of one of the channel signals of the input 
signal and for producing a feedback control signal relat- 
ed to the energy in the distortion frequency components 
outside the bandwidth at that located channel signal. 
The feedback control signal is coupled to the predistort- 
er for adjusting the electrical characteristics of the pre- 
distorter to reduce the energy in the out-of-band fre- 
quency components of the located channel in the power 
amplifier output. As a result, the out-of-band frequency 
components of each other channel of the input signal 



are reduced. 

[0011] The method and apparatus thus advanta- 
geously reduce distortion in a multichannel amplified RF 
signal, for example, where a Class A/B RF amplifier is 
used for efficiency and high power output. 

Brief Description of the Drawings 

[0012] Reference is made to the following drawings, 
in which: 

FIG. 1 is a graph illustrating amplifier output regions 
according to the PRIOR ART; 
FIGS. 2A and 2B are diagrammatical sketches of a 
signal having in-band and out-of-band frequency 
components according to the PRIOR ART; 
FIG. 3 is a diagrammatical sketch of an amplifica- 
tion system according to the PRIOR ART; 
FIG. 4 is a diagrammatical sketch of another ampli- 
fication system according to the PRIOR ART; 
FIG. 5 is a diagrammatical sketch of an amplifica- 
tion system having a predistorter with adjustable 
electrical characteristics according to the invention; 
FIGS. 6A-6C are diagrammatical sketches of fre- 
quency spectra of signals produced in the amplifi- 
cation system of FIG. 5; 

FIG. 7 is a diagrammatical sketch of the amplifica- 
tion system of FIG. 5, a control system of such am- 
plification system being shown in more detail; 
FIG. 8 is a flow chart of the process used by the 
control system in FIG. 7 to produce control signals 
based on energy in out-of-band frequency compo- 
nents; 

FIG. 9 is a flow chart of the process used by the 
control system of FIG. 7 to determine frequency 
components of a signal produced in the amplifica- 
tion system of FIG. 7; 

FIG. 10 is a diagrammatical sketch of an amplifica- 
tion system having a predistorter with adjustable 
electrical characteristics according to another em- 
bodiment of the invention; 
FIG. 11 is a diagrammatical sketch of a mixer con- 
figured as a four quadrant multiplier biased into a 
linear operating region, such mixer being adapted 
for use in the amplification system of FIG. 10; 
FIG. 1 2 is a diagrammatical sketch of the amplifica- 
tion system of FIG. 1 0, a control system of such am- 
plification system being shown in more detail; 
FIG. 13 is a diagrammatical sketch of an amplifica- 
tion system according to another embodiment of the 
invention, such amplification system having a can- 
cellation network configured to increase dynamic 
range of out-of-band signal components; 
FIG. 14 is a diagrammatical sketch of an amplifica- 
tion system, such amplification system having a 
cancellation networkconfigured to increase dynam- 
ic range of out-of-band signal components accord- 
ing to another embodiment of the invention; 
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FIG. 15 is a diagrammatical sketch of an amplifica- 
tion system, such amplification system having a 
cancellation network configured to increase dynam- 
ic range of out-of-band signal components accord- 
ing to another embodiment of the invention; 
FIG. 16 is a diagrammatical sketch of an amplifica- 
tion system having adjustable characteristics being 
controlled by the control system of FIG. 5 according 
to the invention; 

FIG. 17 is a diagrammatical sketch of an amplifier 
having adjustable characteristics being controlled 
by the control system of FIG. 10 according to the 
invention; 

FIG. 1 8 is a diagrammatical sketch an amplification 
system having a feedfoward network with adjusta- 
ble electrical characteristics controlled by the con- 
trol system of FIG. 5 according to the invention; 
FIG. 19 is a diagrammatical sketch of an amplifica- 
tion system having a feedforward network having 
adjustable characteristics being controlled by the 
control system of FIG. 10 according to the invention; 
FIG. 20 is a diagrammatical sketch of an amplifica- 
tion system having a control system adapted to con- 
trol the adjustable electrical characteristics of the 
feedforward network of FIG. 18; 
FIG. 21 is a diagrammatical sketch of an amplifica- 
tion system having a control system controlling mul- 
tiple components according to the invention. 

Description of the Preferred Embodiments 

[0013] Referring to FIG. 5, an amplification system 
100 is shown amplifying an input signal fed thereto on 
a line 101. More particularly, the system 100 provides 
an amplified output signal on a line 1 03. The system 1 00 
includes an amplifier 1 02, a control system 1 04, the de- 
tails being shown in FIG. 7), and a predistorter 105, all 
arranged as shown. The input signal on line 101, in this 
embodiment, is a received CDMA signal. The received 
signal has a pre-determined, a priori known, bandwidth 
"BW"; however, the carrier frequency f c of such received 
signal may be any one of a plurality of available carrier 
frequencies and is not known in advance. 
[0014] The amplifier 102 is biased to Class A/B, and 
thus has a non-linear amplification characteristic. 
Therefore, non-linear amplification by the amplifier 102 
will introduce amplitude and phase distortion into the 
amplified output signal. Thus, passing a signal through 
the amplifier 102, operating with a non-linear output 
power versus input power transfer characteristic pro- 
duces frequency components outside the bandwidth 
BW (that is, out-of-band frequency components). 
[0015] In this illustrated embodiment, however, the 
output signal produced by the amplifier 1 02 is fed, using 
the control system 1 04, to the predistorter 1 05. The pre- 
distorter 105 has adjustable electrical characteristics, 
for example, adjustable bias characteristics and param- 
eters. The predistorter 105 receives the input signal on 



line 101 and the output of the control system 104, over 
line(s) 109. The output of the predistorter 105 is fed to 
the amplifier 102. The predistorter 105 has a non-linear 
gain versus input signal level characteristic selected in 
s accordance with an out-of-band feedback control signal 
(the signals over line(s) 109) to enable the amplification 
system 100 to provide a substantially linear amplifier 
output power versus input signal power transfer charac- 
teristic to the input signal 101 . Thus, in the steady-state, 
io the output on line 103 is an amplification of the input 
signal on line 101 without, or with reduced, out-of-band 
frequency components. As will be described, any out- 
of-band frequency energy in the output signal on line 
103, as the result of drift in the amplifier 102, for exam- 
's pie, is detected and is fed to the predistorter 105 using 
the control system 104 to enable the system 100 to 
again produce, in the steady-state, an output signal on 
line 103 with little, or no, out-of-band frequency compo- 
nents. 

20 [0016] More particularly, a feedback loop 107 is pro- 
vided wherein the control system 104 receives the out- 
put of the amplifier 1 02 and produces the feedback con- 
trol signal on line 109 for the predistorter 105. The con- 
trol system 1 04 analyzes the signal produced by the am- 

25 pjjfier 1 02 to locate a carrier frequency having the band- 
width BW of the received signal, here the carrier fre- 
quency of the input signal on line 101, and to produce 
the feedback control signal on line 109 related to the 
energy in the distortion frequency components (that is, 

30 the energy out of the bandwidth BW) detected in the out- 
put signal on line 103. In the illustrated embodiment, the 
control system 104 measures the energy of the distor- 
tion frequency components by measuring energy at a 
frequency or frequencies offset from the carrier frequen- 
ts cy (for example, at frequencies 800 KHz and 1 .25 MHz 
from the carrier frequency), the measurement frequency 
(s) being outside of the bandwidth of the input signal. 
The feedback control signal on line 1 09 is coupled to the 
predistorter 105 for adjusting characteristics of the pre- 

40 distorter 1 05 (for example gain and phase, or predistort- 
er bias points) and thereby null (that is, reduce) the en- 
ergy in the out-of-band signals on line 103. 
[0017] Referring again to FIG. 5, in one embodiment, 
the control system 104 heterodynes to baseband the 

45 amplified signal on line 1 03 with the carrier frequency of 
the received signal and measures the energy in the out- 
put signal on line 103 at one or more predetermined off- 
sets from the carrier frequency. Referring also to FIGS. 
6A-6C, the frequency spectrum 1 8 of the input signal on 

so line 101 is shown in FIG. 6A. The frequency spectrum 
of the output signal on line 103, in a non-steady-state 
condition, that is before correction, is shown in FIG. 6B 
to have out-of-band frequency components 22a, 22b re- 
sulting from the non-linear operation of amplifier 102. 

55 The frequency spectrum resulting from heterodyning to 
baseband the output signal on line 103 with the carrier 
frequency of the input signal is shown in FIG. 6C. 
[0018] As shown in FIG. 6A, the input signal on line 
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1 01 is centered about carrier frequency f c and has an a 
priori known bandwidth BW. In the case of a CDMA sig- 
nal, BW will be 1.25 MHz. As shown in FIG. 6B, ampli- 
fication by amplifier 102, prior to steady-state, introduc- 
es out-of-band distortion components 22a and 22b to 
the output signal on line 103. The control system 104 
heterodynes the amplified signal on line 103 (FIG. 6B) 
to baseband, thus centering the signal about DC (zero 
frequency) as shown in FIG. 6C. After heterodyning, the 
out-of-band distortion components appear at frequen- 
cies greater than an offset of BW/2 from DC or in the 
case of a CDMA signal at frequencies above 0.625 MHz. 
The control system 104 produces control signals based 
on amount of energy measured at, for example, 0.625 
MHz or other predetermined frequency offsets. That is, 
control system 104 produces control signals based on 
the amount of out-of-band energy in components 22a, 
22b. 

[0019] More particularly, and referring to FIG. 7, in one 
embodiment, the control system 104 is shown in more 
detail and includes a microcontroller 1 24 that controls a 
frequency synthesizer 1 26 to heterodyne (here, to bring 
down to baseband) the signal produced by amplifier 1 02 
on line 103. A mixer 106 receives the output of the fre- 
quency synthesizer 1 26 and the amplifier output on line 
103, and delivers its output to a bandpass filter 108 that 
eliminates in-band frequency components of the heter- 
odyned signal to enhance resolution of the out-of-band 
distortion components. An amplifier 110 receives the fil- 
tered signal and provides its amplified output to an an- 
alog-to-digital converter 120, the digital output of which 
is delivered for digital signal analysis by a digital signal 
processor (DSP) 122. The DSP is specially configured 
to effect a spectrum analysis on the digital input signal 
from the analog-to-digital converter 120. The microcon- 
troller 124, executing firmware instructions 128, queries 
the DSP 122 for the energy measurements at predeter- 
mined offsets. The microcontroller 124 analyzes past 
and present energy measurements to produce control 
signals over lines 109 that adjust the electrical charac- 
teristics, for example, a phase and gain, of the predis- 
torter 105. 

[0020] Referring also to FIG. 8, in operation, the mi- 
croprocessor instructions 128 continuously monitor dis- 
tortion levels by querying the DSP 1 22 for measurement 
data describing the energy at offsets from the now base- 
band signal center frequency (step 132). After determin- 
ing whether the current measurement process is oper- 
ating satisfactorily (step 134) (that is, distortion is re- 
duced to predefined minimum levels for the system), by 
analyzing past and current measurements, the micro- 
processor produces the control signals on lines 109 
(step 1 36) that reduce or maintain the distortion level. 
The control signals on lines 109 adjust different electri- 
cal characteristics, for example, the phase and ampli- 
tude characteristics of the predistorter 1 05 or bias char- 
acteristics of the predistorter, to null any out-of-band fre- 
quency components 22a, 22b in the output signal on line 



103. It should be noted that reducing distortion may re- 
quire dynamic experimentation with different combina- 
tions of control signals before identifying a set of control 
signals that best minimize distortion. 

5 [0021] Referring again to FIG. 7, in addition to gener- 
ating control signals on lines 109, the microcontroller 
1 24 executes instructions that control the frequency fed 
to mixer 106 by frequency synthesizer 126. Referring to 
FIG. 9, in operation, the microcontroller 124 uses the 

70 frequency synthesizer 126 to incrementally sweep 
through the frequency spectrum to find the carrier fre- 
quency f c . The microcontroller 124 initiates the search 
for the carrier frequency f c by setting the frequency syn- 
thesizer 1 26 to produce a low frequency (step 1 38). The 

15 microcontroller 1 24 queries the DSP 1 22 for a measure 
of the carrier energy at this frequency (step 140). This 
corresponds to a DC measurement of the signal output 
of mixer 106. The microcontroller 1 24 compares the en- 
ergy measurement with the measurement of energy at 

20 a previously selected carrier frequency produced by the 
frequency synthesizer (step 142). If the comparison 
(step 142) indicates a steep rise (step 144) in energy, 
characteristic of a signal having a predefined bandwidth, 
the microcontroller 124 can freeze the frequency syn- 

25 thesizer at this or a nearby frequency. If the comparison 
(step 142) does not indicate the presence of a signal 
(that is, very little energy in either the present or previous 
energy measurement), the microcontroller 124 will in- 
crement the frequency produced by the frequency syn- 

30 thesizer 126 (step 143). In a typical CDMA system, the 
frequency synthesizer will be incremented in 50 KHz 
steps. (Other, or random, search patterns can also be 
used.) Finding the carrier frequency usually needs only 
to be performed upon start-up as an allocated frequency 

35 usually remains constant. The search can be periodical- 
ly repeated, however, to ensure proper calibration. The 
results of the search can be stored to obviate the need 
for searching each time the equipment is start-up. The 
instructions of the microcontroller 1 24 can be altered to 

40 search for different signals other than CDMA signals. 
[0022] Referring to FIG. 10, in another particular em- 
bodiment, the control system 104, here designated as 
control system 104*, has an alternate configuration for 
reducing distortion in the amplification system. Control 

45 system 104' receives both the original input signal on 
line 101 (FIG. 6A) and the amplifier output signal on line 
103 having, in the non-steady-state condition, distortion 
components introduced by the amplifier 102 (FIG. 6B). 
By mixing the original input signal on line 101 with the 

so signal on line 103 which can have distortion compo- 
nents, the control system 104' quickly heterodynes the 
amplified signal on line 103 to baseband without scan- 
ning the frequency spectrum to determine the input sig- 
nal's carrier frequency f c . That is, instead of searching 

55 for the carrier frequency of the input signal on line 1 01 , 
the input signal itself serves as the signal for a mixer 
106' (FIG. 12) in a homodyne arrangement. In any 
event, the control system 104' thus locates a frequency 
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within the bandwidth (BW), here the center frequency of 
the received signal, by automatically homodyning, mix- 
ing, and filtering as provided by mixer 106' and low pass 
filter 1 08 (FIG. 1 2). Mixing a signal in this manner, how- 
ever, imposes a constraint upon the mixer used by the 
control system. 

[0023] More particularly, many mixers depend on a 
threshold amount of energy to multiply signals without 
introducing distortion. For example, diode mixers intro- 
duce distortion into an output signal if the energy in ei- 
ther of its two input signals falls below a level needed to 
keep the mixer diodes operating in their linear region. 
Many signals, including CDMA signals, sometimes fail 
to provide this minimum energy, thereby introducing dis- 
tortion. 

[0024] Referring to FIG. 11, many mixers, such as a 
G ilbert Cell mixer, remain linear even when the input sig- 
nals have little energy. As shown, Gilbert Cell mixer 106' 
includes active devices configured as a four quadrant 
multiplier biased into a linear operating region. These 
active devices form a differential amplifier 176a-176b 
that drives dual differential amplifiers 172a-172b and 
1 74a-1 74b. The mixer output, on a line 1 77, is thus avail- 
able for filter 108. 

[0025] Referring to FIG. 12, an amplification system 
101', using a homodyning mixer 106', is shown for 
measuring the energy in frequency bands of a received 
signal, such signal having an allocated frequency band- 
width and a carrier frequency. The system 10V includes 
mixer 106' having active devices configured as a four 
quadrant multiplier biased into a linear operating region 
for enabling the mixer to handle low input signal levels. 
The mixer 1 06* receives a pair of signals, one of the sig- 
nals being the received signal (that is, the original input 
signal on line 101) and the other signal, on line 103', 
being a portion of the output on line 103 from a coupler 
103". The output of mixer 106' is processed, as was the 
output of mixer 106 (Fig. 7) by the remaining compo- 
nents of the control system 104' which detect energy in 
a frequency band at a predetermined offset from the 
baseband carrier (center) frequency as described 
above in connection with FIG. 7. Note that in an alternate 
embodiment of those illustrated in Figures 7 and 1 2, the 
DSP 122 (and its related circuitry) can be replaced by 
bandpass filters, each adapted to pass signals only at 
selected offsets from the center frequency. Other circuit- 
ry would measure the energy from each filter and pro- 
vide that data to the microprocessor. 
[0026] Referring now to FIG. 1 3, the use of the four- 
quadrant linear multiplier (that is, mixer) 106' can pose 
a dynamic range problem. However, cancelling in-band 
frequencies to isolate the out-of-band distortion compo- 
nents can increase the dynamic effective range of the 
mixer. Thus a cancellation network 146, under micro- 
processor control, performs this isolation function, 
thereby in effect, increasing the dynamic range of the 
mixer. The operation and structure of cancellation net- 
work 146 is illustrated in Figures 14 and 15. 



[0027] Referring now to FIG. 14, one embodiment of 
the cancellation network 1 46 is shown which uses a volt- 
age controllable phase shifter 150 and a voltage con- 
trollable attenuator 148 to substantially cancel in-band 
5 frequency components in the amplifier output signal on 
line 103. The microcontroller 124 adjusts the phase 
shifter 150 and attenuator 148 to modify the phase of a 
sample of the original input signal on line 1 01 (FIG. 6A) 
by 180° and thereby null the in-band frequency compo- 
10 nents of the signal on line 1 03, from a coupler 1 49a, as 
they are coupled to the output of variable attenuator 1 48 
using a coupler 149. The microcontroller 124 can re- 
peatedly adjust the phase shifter 1 50 and attenuator 1 48 
until the in-band's signal cancellation is at maximum lev- 
's el. 

[0028] Referring to FIG. 15, an alternative embodi- 
ment of the cancellation network 1 46' uses an automatic 
gain control element (AGC) 158, as is well known in the 
field, to effectively increase the dynamic range of the 

20 mixer. The AGC 158 controls an amplifier 156 to hold 
the local oscillator (LO) input of mixer 106' over a line 
159 constant so that the down converted output of the 
mixer 106' is a linear function of the input over line 1 59a 
and no longer a multiplicative function of the inputs to 

25 the cancellation network 1 46'. The AGC 1 58 also match- 
es the outputs of amplifiers 154 and 156. Phase and 
gain network 1 60 enables the microcontroller 1 24 to ad- 
just the signal fed into mixer 106' and thereby increase 
dynamic range. 

30 [0029] The control systems 104 and 104' can control 
a wide variety of amplification system networks having 
adjustable characteristics other than predistorter 105. 
For example, in particular, referring to FIGS. 16 and 17, 
corresponding to FIGS. 5 and 12, respectively, the con- 

35 trol system 104, 104* can control the amplification char- 
acteristics of amplifier 1 02 by altering the amplifier's bias 
point(s). While a predistortion circuit is not shown, it can 
be advantageously employed to further reduce unwant- 
ed distortion. As described in copending U.S. Applica- 

40 tion Serial No. 09/057,380, filed April 8, 1998, incorpo- 
rated herein, by reference, in its entirety, over long pe- 
riods of time (for example, hundreds of hours) amplifiers 
frequently exhibit a drift in operating bias current. Am- 
plification by an amplifier experiencing drift can intro- 

45 duce out-of-band distortion components into a signal. 
The control system 104, 104' can generate control sig- 
nals that control the bias of the amplifier based on out- 
of-band frequency energy to compensate for amplifier 
bias current drift. This method of compensation is par- 

50 ticularly useful in connection with MOSFET devices, and 
in particular lateral MOSFETS where the gate bias is 
critical. 

[0030] In addition, referring to FIGS. 18, 19, the con- 
trol system 104, 104' can also reduce distortion by ad- 
55 justing the characteristics of a feedforward network 1 60. 
As noted with regard to FIGS. 16 and 17, a predistorer 
circuit can be advantageously used to further reduce un- 
wanted distortion components under the control of, for 
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example, a microprocessor. Referring to FIG. 20, an am- 
plification system 161 is illustrated which reduces out- 
of-band frequency components of an input signal over 
line 101 which after passing through Class A/B amplifier 
102 has both in-band frequency components and out- s 
of-band frequency components. The amplification sys- 
tem includes a feedfoward network 160 having a com- 
biner 162 that receives a pair of signals: the first signal 
(FIG. 6A) over a line 1 61 from delay element 1 61 a hav- 
ing the in-band frequency components and a second 
signal (FIG. 6B) over a line 1 63 coupled to the amplifier 
102 output, that has both in-band and out-of-band fre- 
quency components. Optimally, the combiner 162 sub- 
tracts the first signal from the second signal to produce 
a signal having only out-of-band frequency compo- 
nents. A variable gain-phase network 164, 166 receives 
the output of the combiner 162 and applies its output to 
an error amplifier 168. 

Amplifier 168 amplifies the out-of-band frequency com- 
ponents. A second combiner 1 70 adds the output of am- 
plifier 168 (that is, a signal having out-of-band distortion 
components shifted by 180°) to the signal having both 
out-of-band and in-band frequency components from a 
delay 169. Ideally, combiner 170 produces an amplified 
signal substantially free of out-of-band distortion com- 
ponents as is well known in the field. 
[0031] However, as mentioned above, changes in the 
feedforward network 160 components and the amplifier 
1 02, over time, can reduce the effectiveness of the feed- 
forward network 160 in reducing distortion. Thus, the 
output of combiner 170 is coupled, in part, by a coupler 
171 to a feedback loop having control system 104. The 
control system 104, described previously, detects ener- 
gy in the out-of-band frequency components and pro- 
duces a feedback control signal related to the measured 
energy in those out-of-band frequency components. 
The feedback control signals are coupled to and adjust, 
in this illustrated embodiment, the characteristics of the 
gain-phase network 1 64, 1 66 in accordance with outof- 
band frequency components. 

[0032] As noted above, a predistortion circuit, as illus- 
trated in FIGS. 5 and 12, can be advantageously used 
to further reduce unwanted distortion components un- 
der the control of, for example, the microprocessor 1 22 
of FIG. 20. In addition, regarding both the illustrative ex- 
amples of FIGS. 1 9 and 20, the microprocessor 1 22 can 
be used to adjust bias parameters of a predistorter, main 
amplifier 102, gain-phase circuities or other devices to 
advantageously reduce distortions in the amplified out- 
put signal. 

[0033] Referring now to FIG. 21, the control system 
104 or 104' can control multiple components of an am- 
plifier system to produce an overall reduced distortion 
amplified output signal. As shown, the control system 
104 controls the predistorter 105, the bias point of the 
main amplifier 102, and the characteristics of the feed- 
forward network 106. Thus, different individual amplifi- 
cation system networks (for example, the predistorter) 



combine to form a larger network (that is, predistorter 
and amplifier and feedforward network) having adjusta- 
ble characteristics adjustably controlled by the control 
system in response to detected energy in the out-of- 
band frequency components. 

[0034] Throughout this discussion it has been implic- 
itly assumed that the input signal on line 101 was a sin- 
gle channel, bandwidth limited signal having a carrier 
frequency which was not known in advance. The distor- 
tion compensation circuitry described in connection, for 
example, with FIGS. 7 and 20, can also be employed 
when the input signal is a multi-channel signal, each 
channel having a bandwidth limited signal. When used 
with multi-channel inputs, the compensation system 
finds one channel, and minimizes the out-of-band fre- 
quency components for that channel as if the other 
channel(s) did not exist. Thereafter, the settings used 
for the one channel are used for all of the channels. 
[0035] Thus the operative structure and method of op- 
eration of the FIGS. 7 and 20 embodiments remain the 
same. It further appears not to matter which channel 
was minimized so that the frequency generator 126 
search pattern, established by microprocessor 124 can 
be the same as for a single channel, that is, for example, 
can be a linear or a random sweep. 
[0036] Additions, subtractions, and other modifica- 
tions of the disclosed embodiments will be apparent to 
those practiced in the field and are within the spirit and 
scope of the appended claims. 



Claims 

1 . Apparatus for reducing out-of-band frequency com- 
ponents of an amplified, multichannel RF signal 
able to have at least two frequency bandwidth lim- 
ited signal channels, each channel having a carrier 
frequency which is not known in advance, and each 
channel of the amplified signal having both in-band 
frequency components and the out-of-band fre- 
quency components, such apparatus comprising: 

a network for amplifying an input signal for pro- 
ducing said RF signal, said network having ad- 
justable electrical characteristics; and 
a control system connected to the network for 
locating a frequency within the bandwidth ol 
one of said signal channels and for detecting 
energy in the out-of-band frequency compo- 
nents in said one located channel for producing 
a control signal related to the energy in the out- 
of-band frequency components of said one lo- 
cated channel, such control signal being cou- 
pled to the network to adjust the electrical char- 
acteristics of the network and reduce the ener- 
gy in the out-of-band frequencies for all said 
signal channels. 
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2. The apparatus of claim 1 , wherein the network com- 
prises a predistorter having adjustable characteris- 
tics controlled by the control signal. 

3. The apparatus of claim 1 , wherein the network com- 
prises an amplifier having adjustable characteris- 
tics controlled by the control signal. 

4. The apparatus of claim 3, wherein at least one ad- 
justable characteristic comprises a bias point pa- 
rameter of the amplifier. 

5. The apparatus of claim 1 , wherein the network com- 
prises a feedforward network. 

6. The apparatus of claim 1 , wherein the signal chan- 
nels comprise CDMA signal channels. 

7. The apparatus of claim 1 , further comprising a sec- 
ond network having adjustable characteristics, the 
characteristics of the second network also being 
controlled by the control system. 

8. The apparatus of claim 1 , wherein the control sys- 
tem comprises a digital signal processor. 

9. A method of reducing out-of-band frequency com- 
ponents introduced into a multichannel RF signal 
able to have at least two frequency bandwidth lim- 
ited signal channels, each channel having in-band 
frequency components, and a carrier frequency not 
known in advance, by a signal processing network 
with adjustable electrical characteristics, the meth- 
od comprising: 

locating an in-band frequency component of 
one of the channel signals having out-of-band 
frequency components; 
detecting energy at frequencies at a predeter- 
mined offset from the located in-band frequen- 
cy component; and 

adjusting network electrical characteristics to 
reduce the out-of-band frequency energy of the 
located channel, whereby out-of-band frequen- 
cy components of each other channel signal 
are also reduced. 

10. The method of claim 9, wherein locating the in-band 
frequency component comprises: 



11. The method of claim 9, further comprising hetero- 
dyning one channel of the multichannel signal hav- 
ing out-of-band frequency energy to baseband. 

s 12. Apparatus for reducing distortion components intro- 
duced into an amplified, multichannel input signal 
by passing such signal through an amplifier operat- 
ing with a non-linear output signal versus input sig- 
nal transfer characteristic, such signal having at 

10 least two channel signals, each having a bandwidth 
centered about a respective selected carrier fre- 
quency not known in advance, such distortion com- 
ponents for a channel being at frequencies outside 
the channel's bandwidth, the apparatus comprising: 

15 

(A) a predistorter, connected to receive the in- 
put signal and having an output coupled to the 
amplifier, such predistorter having a predistort- 
er non-linear output versus input signal transfer 
20 characteristic selectably adjustable in accord- 

ance with an out-of-band feedback control sig- 
nal to provide a substantially linear amplifier 
output power versus input signal transfer char- 
acteristic; and 

25 (B) a feedback loop comprising a control sys- 

tem connected to the amplifier output for locat- 
ing one of the carrier frequencies in of the am- 
plified multichannel input signal and for produc- 
ing a feedback control signal related to energy 

30 in the distortion frequency components outside 

the bandwidth of the located channel of the am- 
plified input signal, such feedback control sig- 
nal being coupled to the predistorter for adjust- 
ing characteristics of the predistorter to reduce 

35 the energy in the out-of-band frequency com- 

ponents for each channel of the amplified mul- 
tichannel signal. 

1 3. Apparatus for reducing out-of-band frequency com- 
^0 ponents of a multichannel amplified RF input signal, 
each channel of said amplified signal having both 
in-band frequency components and out-of-band 
frequency components, and each channel of said 
input signal having in-band frequency components, 
45 such apparatus receiving a delayed input signal and 
said amplified signal, such apparatus comprising: 

(A) a feedforward network, comprising: 

(i) a first combiner coupled to the input sig- 
nal; and the amplified signal, 

(ii) a variable gain-phase network control- 
led by first and second control signals; and 

(iii) an error amplifier connected to the out- 
put of the variable gain-phase network, the 
error amplifier amplifying the output of the 
gain-phase network, the amplified output 
being delivered to a second combiner and 



so 

measuring the energy at a first frequency; 
measuring the energy at a second frequency; 
and 

determining whether the energy measured at 
the second frequency exceeds the energy 55 
measured at the first frequency by more than a 
threshold. 
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the second combiner receiving as a sec- 
ond input a delayed version of the amplified 
signal; and 

(C) a feedback loop, coupled to the output of 5 
the second combiner for adjusting the gain and 
phase of the variable gain-phase network in ac- 
cordance with out-of-band frequency compo- 
nents in the amplified signal, the feedback loop 
comprising: 10 

a microprocessor, 

a frequency generator, responsive to the 
microprocessor, 

a mixer having a first input coupled to the is 
second combiner output and a second in- 
put coupled to the frequency generator, 
filtering and analysis circuitry including a 
bandpass filter and a analog-to-digital con- 
verter for measuring energy out-of-band at 20 
selected bandpass frequencies; and 
said microprocessor, in response to said fil- 
tering and analysis circuitry, sweeping said 
frequency generator output across a band 
of selected frequencies to locate a carrier 25 
frequency of one channel of said mul- 
tichannel input signal, and wherein the en- 
ergy in the out-of-band frequency compo- 
nents for the located channel and each oth- 
er channel of the multichannel signal in the 30 
amplified signal is reduced. 

14. The apparatus of claim 1 3, wherein the input signal 
comprises a multichannel CDMA signal. 

35 



55 



EP 0 998 026 A1 



POWER OUT 




AMPLIFIER ACTUAL 
OUTPUT 

AMPLIFIER IDEAL 
LINEAR OUTPUT 

PREDISTORER OUTPUT 
COMPENSATING FOR 
NON-LINEAR AMPLIFIER 
OUTPUT 



POWER IN 



FIG. 1 

(PRIOR ART) 



U— BW— J 



BANDWIDTH 



FIG. 2A 

(PRIOR ART) 



22a 



FIG. 2B 

(PRIOR ART) 



TT 



20 



BANDWIDTH 
j 



□ -IN-B AND FREQUENCY 

m - OUT-OF-BAND FREQUENCY 



20 



10 



EP 0 998 026 A1 




FIG. 3 

(PRIOR ART) 




22a 22b 



FIG. 4 

(PRIOR ART) 



11 



EP 0 998 026 A1 



r 



105 



PREDISTORTER 



109 



J 




102 



CONTROL 
SYSTEM 



104 

FIG. 5 



7" 



12 



EP 0 998 026 A1 



-18 



f c -BW 



I*— BW— »] 



f r +BW/2 



FIG. 6A 



/ — -18 
22a^/ p^22b 



f c -BW 



L+BW/2 



FIG. 6B 



-18 



■W22b 



BW/2 

FIG. 6C 



13 



EP 0 998 026 A1 




14 



EP 0 998 026 A1 



132 



QUERY DSP FOR MEASURE 
OF ENERGY AT 
OFFSET FROM CENTER 
FREQUENCY 




r 



128 (FIG. 7) 



GENERATE CONTROL 
SIGNALS 



FIG. 8 



SET FREQUENCY SYNTHESIZER TO 
GENERATE A FREQUENCY 



-138 
'140 



MEASURE ENERGY AT 
FREQUENCY 



142 



COMPARE TO PREVIOUS 
MEASUREMENT 




N 



FREQ.OF 
FREQ. 
SYNTH. 
I 



143 



HAVE IDENTIFIED BANDWIDTH EDGE 



•128 (FIG. 7) 



FIG. 9 



15 



EP 0 998 026 A1 



101 



JT 



105 



PREDISTORTER 




102 



106 



J 



CONTROL 
SYSTEM 



104' 



T 



FIG. 10 



16 



EP 0 998 026 A1 




17 




18 



EP 0 998 026 A1 




19 



EP 0 998 026 A1 




20 



EP 0 998 026 A1 




21 



EP 0 998 026 A1 




FIG. 16 




FIG. 17 



22 



EP 0 998 026 A1 




102 



JL 



160 



FEEDFORWARD 
NETWORK 



104 



J 



CONTROL 
SYSTEM 



FIG. 18 




102 



JL 



160 



FEEDFORWARD 
NETWORK 



104' 



J 



CONTROL 
SYSTEM 



FIG. 19 



23 



EP 0 998 026 A1 




24 



EP 0 998 026 A1 



7 



C 

PREDISTORTER 
CONTROL 



105 



— » contro: 




CONTROL 
SYSTEM 



104- 



FIG. 21 



160 



FEEDBACK 

SYSTEM 

CONTROL 



25 



EP 0 998 026 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numixw 

EP 99 30 8179 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CH at Ion of document with indication, where appropriate, 
of relevant passages 



Relevant 

to claim 



CLASSIFICATION OF THE 
APPLICATION (Int.Q.7) 



WO 98 04034 A (SPECTRIAN) 
29 January 1998 (1998-01-29) 

* page 3, line 15 - page 6, line 8; 
figures 2,6,7 * 

* page 17, line 11 - page 18, line 32 * 

W0 97 08822 A (MOTOROLA INC) 
6 March 1997 (1997-03-06) 

* page 9, line 27 - page 13, line 8; 
figures 1,5,6 * 

US 5 455 538 A (K0BAYASHI KAZUHIK0 ET AL) 
3 October 1995 (1995-10-03) 

* column 6, line 28 - column 9, line 28; 
figures 3-6 * 



1,2,5-14 



1,2,5-14 



2-4 



H03F1/32 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



H03F 



The present search report has been drawn up for all claims 



Place ol scorch 

THE HAGUE 



Date of completion of the search 

27 January 2000 



Examiner 

TybergMen, G 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined wtth another 

document cf the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate aocument 



T : theory or principle underlying the Invention 
E : eaHier patent document, but published on, o' 

after the flUng date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the tame patent family, conaspondi ng 
document 



26 



